This study explores the influence of gear-changing behaviour on vehicular exhaust emissions and fuel consumption using real drive cycles as an input. As many as 235 different drive cycles, recorded from people participating in a survey, were imported in an emission simulation tool called Vehicle Transient Emissions Simulation Software (VeTESS). Emissions and fuel consumption were calculated with VeTESS using two different gear change assumptions (normal and aggressive). This paper reports on the differences in vehicle exhaust emissions between trips made with those two different settings.
Introduction
The largest potential to improve fuel use and reduce pollutant emissions in road transport probably lies in enhancing vehicle technology. However, such an approach involves a relatively large implementation time and considerable costs. An effective way to improve fuel economy in the short term is to aim at a change in driver behaviour and promote an environment-friendly driving style. Environment-friendly driving includes different behavioural aspects to obtain a more fuel-efficient driving, one of them implying a selective use of gears. By shifting gear early one can avoid high engine speeds and therefore achieve a reduction of emissions and fuel consumption. When applying this kind of soft measures it is therefore important to assess the potential benefits of these actions.
Methodology
This section first describes how data about driving behaviour were collected and then presents how this information can be used to estimate the vehicle exhaust emissions caused by every trip.
Data collection
Data were obtained in a small-scale travel survey, collecting trip information from 32 participating respondents. During a period, varying from two days to 1 week, these respondents were asked to fill in a travel diary and to activate a personal digital assistant (PDA) with built-in Global Positioning System (GPS) receiver when making a trip. The use of this device allows acquiring accurate information about the travel behaviour of the individual respondents. It is able to collect second-by-second trip information (speed, location, etc) for every vehicle trip during the survey period. In total 303 vehicle trips were reported by the respondents of which 235 trips were recorded completely by the GPS receiver. After data processing, 235 speed profiles were developed for the calculation of emission estimates and fuel consumption.
The VeTESS emission model
Within the European Union (EU) 5th framework project DECADE (2001) (2002) (2003) , a vehicle level simulation tool was developed for the simulation of fuel consumption and emissions of vehicles in real traffic transient operation conditions. The final simulation tool, which is called Vehicle Transient Emissions Simulation Software (VeTESS), calculates emissions and fuel consumption made by a single vehicle during a defined "drive-cycle" [1] . The following description of the model can be found more detailed in [2] .
In the project DECADE a new method for characterizing engine behaviour was developed, including the description of transient effects. Within the
